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© Measurement method of dispersion characteristics of an optical fiber. 



© In measurement method of dispersion character- 
istics of an optical fiber 4, a laser for measurement 
2 connected to one end of the fiber 4 and variable 
in output light wavelength and an oscillator 1 for 
modulating a measurement light signal LI sent out 
from the laser 2 are provided. The modulation fre- 
quency of the output from the osscillator 1 is used 
as an reference electric signal Sa. A measuring light 
^signal L2 obtained through the modulator 8 and 
^transmitted through the fiber 4 is converted into an 
measuring electric signal D. And the characteristics 
^is measured from the phase difference between the 
CO reference electric signal Sb and the measuring elec- 
tric signal D, wherein an external modulator. 8. an 
optical divider 9 and a monitoring section 20 are 
CO provided. The modulator 8 modulates the measuring 
Q light signal L1 sent out from th laser 2 and having 
a narrow spectral lin width. Th divider 9 divides the 
Om output light signal L2 from the modulator 8. at a 
^prescribed ratio. The measuring light signal L2 ob- 
tained through the modulator 8 is multiplexed with 



output light signal from a laser for monitoring 10 by 
the section 20 to generate a beat to measure the 
oscillation wavelength of the laser for measurement 
2 through optical heterodyne detection. And the 
characteristics is measured while the result of the 
measurement of the oscillation wavelength is com- 
pared with that of the measurement of the phase 
difference. 



Fig.1 
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Measurement method of dispersion characteristics of an optical fiber 



The present invention relates to a measure- 
ment method of the dispersion characteristics of an 
optical fiber to a light signal transmitted therein. 

Since a laser which is a light source for emit- 
ting a light signal to be transmitted through an 
optical fiber for communication has a widely-spread 
frequency spectrum and the optical fiber has dis- 
persion characteristics, the waveform of the light 
signal transmitted through the optical fiber from 
one end thereof and received at the other end 
thereof has a distortion even if the proper light 
signal is launched into the optical fiber at the 
transmitter end end thereof. For that reason, there 
is a problem that the tight signal is not received 
well at the receiver end of the optica! fiber. There- 
fore, it is necessary to grasp the dispersion char- 
acteristics of the optical fiber in designing an op- 
tical communication system employing the optical 
fiber. Various mesurement methods of the disper- 
sion characteristics have been developed. 

FIG. 3 shows a block diagram of a conventional 
measurement method of the dispersion characteris- 
tics of an optical fiber. Shown in FIG. 3 are an 
oscillator 1 for supplying electrical modulation sig- 
nals S t ,S2, ... andSw for laser for measurement 
2i.22. ... and 2 N and an electric reference signal 
S n -i for a phase comparator 6, the laser for mea- 
surement which emit N light signals of different 
wavelengths in wavelength bands for measurement, 
an optical switch 3 for sequentially changeovering 
the output light signals from N numbers of the laser 
for measurement 2i,22, ... 2 N( the optical fiber 4 to 
be measured, a light reiver 5 by which a intensity- 
modulated light signal coming out from the optical 
fiber 4 is converted into an demodulated electrical 
signal D, the phase comparator 6 for detecting the 
phase difference between the electric demodulated 
electrical signal D and the reference electrical sig- 
nal Sm<-i, output signal S corresponding to the 
difference, and optical fiber Ft.F2. ... and F N . The 
output light signals from the laser for measurement 
2t,2a, ... and 2 N are subjected to intensity modula- 
tion based on the modulation frequencyFo of the 
oscillator 1, and are then sent to the optical fiber 4 
through the other otical fibers F*,F2, ... and F N and 
the optical switch 3 so that the light signals enter 
one after another into the optical fiber4. The light 
receiver 5 sequentially receives the light signals 
transmitted through the optical fiber 4 and converts 
the signals into the electrical signals Si,S2, ... and 
S N which are the demodulated electrical signals D. 
The phase differences between the reference elec- 
trical signal Su*\ and the demodulated electrical 
signals 0 are sequentially detected by the phase 
comparator 6 to measure the dispersion character- 



istics of the optical fiber 4. However, since the light 
signals and the reference electrical signal S N ♦ i are 
transmitted through mutually different media to per- 
form the measurement as shown in Ftg.3, the fluc- 

s tuation in the phases of the demodulated electrical 
signals, D, which is caused when the otical fiber 4 
to be measured expands or contracts due to the 
change in the temperature or the like, cannot be 
prevented from affecting the result of the meaure- 

70 ment. This is a problem. 

FIG.4 shows a block diagram of another con- 
ventional measurment method of the dispersion 
characteristics of an optical fiber 4. In the method, 
an optical reference signal and measuring light 

75 signals are transmitted through the optical fiber 4. 
A light signal generated by a reference laser 2o 
and having a wavelength of 1.3a, which is nearly 
equal to the zero-dispersion wavelength of the op- 
tical fiber 4, is modulated at a frequency fo so that 

20 the optical reference signal is obtained. Light sig- 
nals generated by laser for measurement 2i.22,... 
and 2 N are modulated at the frequency fo so that 
the measuring light signals are obtained. The mea- 
suring light signals are sequentially sent to an 

25 optical multiplexer 13 through an optical switch 3 
so that each of the signals is multiplexed with the 
optical reference signal by the multiplexer 13, the 
output light signal from which is transmitted 
through the optical fiber 4 and received by an 

30 optical demultiplexer 7 which demultiplexes the 
received light signal into the optical reference sig- 
nal and the measuring light signal which are con- 
verted into democulated electrical signals Da and 
Db by light receivers 5a and 5b, respectively. 

35 Since the wavelength of the output light signal from 
the laser for reference 2o is nearly equal to the 
zero-dispersion wavelength of the optical fiber 4, 
the signal is hardly affected by the dispersion 
characteristics of the fiber. The output light signals 

40 from both the laser for reference 2o and the laser 
for measurement 2t,22 t ...and 2 N are equally af- 
fected by the expansion and contraction of theop- 
tical fiber 4. The demodulated electrical signals Da 
and Db are differentially multiplexed with each oth- 

45 er by a phase comparator 6. As a result, the 
dispersion characteristics of the optical fiber 4 can 
be measured without being affected by the expan- 
sion and contraction of the fiber. However, since 
direct modulation is performed for the laser for 

so r ference 2o and the laser for measurement 
2t,22,...and 2 Nl a spectral spread, which is affected 
by the dispersion characteristics of the optical fiber 
4, is caused. For that reason, it is difficult that the 
dispersion characteristics of the fiber 4 are mea- 
sured with a high resolution. This is a problem. 
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Although the wavelengths of the output light signals 
from the laser for mesurement 2i,22, ...and 2 N are 
separately mesured in advance to determine the 
dispersion characteristics of the optical fiber 4 on 
the basis of th measured wavelengths, the 
wavelengths change due to ambient conditions 
such as temperature so that it is difficult to ac- 
curately measure the wavelengths. For that reason, 
there is another problem that the influence of the 
dispersion characteristics of the optical fiber 4 can- 
not be accurately compensated by using a disper- 
sion compensation circuit having a property inverse 
to the dispersion characteristics of the fiber in the 
intermediate frequency band or the baseband. 

The present invention was made in order to 
solve the abovementioned problems. 

Accordingly, it is an object of the present in- 
vention to provide a method in which the disper- 
sion characteristics of an optical fiber are accu- 
rately measurd with a high resolution. In the meth- 
od, a semiconductor laser such as a disribute feed- 
back semiconductor laser and a distribute reflector 
semiconductor laser, which is good in sigle longitu- 
dinal mode oscillation and has a narrow spectral 
linewidth. is used as a light source. The wavelength 
of the output light signal from the laser can be 
adjusted. Besides, an external modulator is used 
for optical intensity modulation. Consequently, the 
spectral spread of the output light signal from the 
semiconductor laser unit is suppressed. The 
wavelength of the output light signal from the laser 
is measured by a monitoring system employing 
optical heterodyne detection. As a result, the dis- 
persion characteristics of the optical fiber can be 
accurately measured with the high resolution. For 
that reason, the present inventin can be widely 
applied to the design of a disperson compensation 
circuit for coherent light communication or to the 
like. The invention will now be more particularly 
described, by way of example, with reference to 
the accompanying drawings, in which:- 

FIG. 1 shows a block diagram of an optical 
fiber dispersion characteristics measurement meth- 
od which is an embodiment of the present inven- 
tion; 

FIG.2 shows a block diagram of an optical 
fiber dispersion characteristics measurement meth- 
od which is another embodiment of the present 
invention ; 

FIG.3 shows a block diagram of a conven- 
tional optical fiber dispsersion characteristics mea- 
surement method: and 

FIG.4 shows a block diagram of another con- 
venional optical fiber dispersion characteristics 
measurement method which is not affected by the 
expantion and contraction of a measured optical 
fiber. 




Embodiments of the present invention are 
hereafter described in detail with reference to the 
drawings attached hereto. 

FIG.1, shows a block diagram of a measure- 

5 ment method of the dispersion characteristics of an 
optical fiber 4. The method is one of the embodi- 
ments. In the method, an oscillator 1. a laser for 
measurement 2 , light receivers 5 and 5c. a phase 
comparator 6, an external mudulator 8, an optical 

ro divider 9, a laser for monitoring 10, a spectrum 
analyzer 11, a light wavelength meter 12, an optical 
multiplexer 13 and optical fibers Fc. Fd, Fe and Ff 
are disposed. The laser for measurement 2 is a 
distribute feedback semiconductor laser or a dis- 

;s tribute reflector semiconductor laser. The external 
modulator 8 and an electrical modulation signal Sa 
supplied from the oscillator 1 act together so that a 
measuring light signal Li emitted from the laser for 
measurement 2 and transmited through an optical 

20 fiber Fa undergoes intensity modulation without 
increasing the spectrum width of the light signal. A 
measuring light signal L2 sent out from the external 
modulator 8 and transmitted through an optical 
fiber Fb is divided into three light signals at an 

25 appropriate ratio by the optical divider 9. The laser 
for monitoring 10 serves so that the wavelength of 
the measuring light signal L1 emitted from the laser 
for measurement 2 is measured through optical 
heterodyne detection. The spectrum analyzer 11 

30 serves to monitor the difference between th 
wavelength of the output light signal from the laser 
for measurement 2 and that of the output light 
signal from the laser for monitoring 10. The light 
wavelength meter 12 roughly measures th 

35 wavelength of the output light signal from the laser 
for measurement 2 to determine the wavelength orf 
the output light signal from the laser for monitoring 
10. An electrical reference signal Sb is supplied 
from the oscillator 1 to the phase comparator 6. An 

&o electrical intermediate frequency signal Sc is sup- 
plied from the light receiver 5c to the spectrum 
analyzer 11. A monitoring section 20, which is one 
of the features of the invention and performs the 
mesurement based on the optical heterodyne de- 

45 tection, is composed of laser for monitoring 10, the 
optical multiplexer 13, the light receiver 5c and th 
spectrum analyzer 11. The laser for measurement 
2 is the distribute feedback semicond uctor laser 
or the distrubute reflector semiconductor laser, 

so which is good in single longitudinal mode oscilla- 
tion and narrow inspectral linewidth. Since the out- 
put light signal from the laser for measurement 2 
is modulated by the external modulator 8, the 
spectral linewidth of the output light signal is not 

55 affected by the dispersion characteristics of the 
optical fiber 4. For that reason, the influence of the 
spectral spread of the output light signal from the 
laser 2 upon the measurement of the dispersion 
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characteristics of the optical fiber 4 is reduced. 

Althogh th laser for measurement 2 and the 
external modulator 8 are sepapately provided in the 
laser and the modulator may be integrated with 
ach other. 

The wavelength of the measuring light signal 
Ll emitted from the laser for mesurement 2 is 
measured by the light wavelength meter 12- The 
driving electrical current or temperature of the laser 
for monitoring 10 of the monitoring sction 20 is 
then controlled so that the difference between the 
wavelength of the output light signal from the laser 
and that of the output light signal L1 from the laser 
for measurement 2 is made small enough. One of 
the mesuring light signals L2 divided by the optical 
divider 9 and monitoring light signal L2 divided by 
the optical divider 9 and a laser for monitoring 10 
of the monitoring section 20 is then controlled so 
that the difference between the wavelength of the 
output light signal from the laser and the of the 
output light signal L1 from the laser for mesure- 
ment 2 is made small enough. One of the measur- 
ing light signals L2 divided by the optical divider 9 
and a monitoring light signal L0 emitted from the 
monitoring laser 10 are multiplexed with each other 
by the optical multiplexer 13 so that a beat signal L 
is generated from the signals L2 and L0. The beat 
signal L is photoelectrical^ converted into the elec- 
trical intermediate frequency signal Sc by the light 
reciver 5c. The signal Sc is observed by the spec- 
trum analyzer 1 1 . After that, the wavelength of the 
measuring light signal L1 from the laser for mea- 
surement 2 is gradually changed. The change in 
the wavelength of the signal Li is observed by the 
spectrum analyzer 11 starting with the first 
wavelength of the signal. Besides, the output signal 
from the phase comparator 6 is measured. As a 
result, the dispersion characteristics of the optical 
fiber 4 can be accurately measured with a high 
resolution. 

When the difference between the wavelength 
of the output light signal from the laser for mea- 
surement 2 and that of the output light signal from 
the monitoring laser 10 exceeds the measurement 
bandwidth of the light receiver 5c, it becomes 
impossible tha the change in the wavelength of the 
output light signal from the laser for measurement 
2', from the initial value of the wavelength, is mea- 
sured. If the change is to be measured in such a 
case, the wavelength of the output light signal from 
the laser for monitorin 10 is caused to approach 
that of the outoput light signal from the laser for 
measurement 2 when the difference between both 
the wavelengths has become a certain value, so 
that the frequency of the electrical intermediate 
frequency signal Sc is lowered, then measuring the 
change. By repeating such a process, the disper- 
sion characteristics of the optical fiber 4 can be 



accurately measured with a high resolution in a 
wide range. 

FIG. 2 shows a block diagram of a measure- 
ment method of the dispersion characteristics of an 

5 optical fiber 4. The method is the other of the 
embodiments. Since a reference laser is not pro- 
vided in the preceding embodiment, the expansion 
and contraction of the optical fiber 4 cannot be 
prevented from affecting the result of the measure- 

10 ment of the dispersion characteristics of the fiber 4, 
for the above-mentioned reason. In the method 
shown in FIQ.2, a reference light signal obtained on 
the basis of the^ output light signal L3 from a laser 
for reference 2 is transmittedthrough the optical 

T5 fiber 4, and a monitoring section 20 employing 
optical heterodyne detection is provided at the sig- 
nal reception end of the fiber 4 so as to perform 
measurement at the far end. The reference light 
signal L3 from the laser for reference 2 and the 

20 measuring light signal L1 from a laser for measure- 
ment 2 are modulated into a reference light signal 
L4 and a measuring light signal L2 by external 
modulators 8a and 8b, respectively as same as the 
conventional art Fig. 4.An optical demultiplexer 7 

25 and light receivers 5a and 5b are used to obtain 
demodulated signals Da and Db. Other optical fi- 
bers Fg and Fh are provided. 

In the method shown in FIG. 2, the output light 
signal L3 from the laser for reference 2 is sub- 

30 jected to external modulation by the external 
modulator 8a. However, since the wavelength of 
the output light signal 13 from the laser for refer- 
ence 2 is near the zero-dispsersion wavelength of 
the optical fiber 4, which is 1 .3 urn, the signal does 

as not necessarily need to be subjected to the exter- 
nal modulation but may be subjected to direct 
modulation. In contrast with that, the output light 
signal L1 from the laser fo r measure-ment for 2 
needs to be subjected to external modulation by 

40 the extermal modulator 8b, because the wavelength 
of the signal L1 is near the iowloss wavelength of 
the fiber 4 ( which is 1.55 urn. 

Thus, the present invention is possible to con- 
troll oscillation wavelength as a measuring light 

45 source and use narrow spectral line width laser of a 
distribute feedback semiconductor laser or a de- 
stribute reflector semiconductor laser having the 
property of single longitudinal mode oscillation. By- 
employing an external modulation for light intensity 

so modulation, it is possible to make light occupying 
narrow bandwidth for the measurement. Further- 
more, by means optical heterodyne detection as 
monitoring means of oscillating wavelength, the 
dispersion characteristics of the optical fiber can be 

55 accurately measured with the high resolution. 

Accordingly, the present invention is able to 
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adapt widely in designing the dispersion compen- 
sation circuit for coherent optical communication. 
So the effect will bring very large merits. 



Claims 

1. A measurement method of the dispersion 
characteristics of an optical fiber 4, in which a laser 
2 for measurement connected to one end of said 
fiber and variable in output light wavelength and an 
oscillator 1 for modulating a measuring light signal 
L1 sent out from said laser 2 are provided; the 
modulation frequency of the output from said os- 
cillator is used as a reference electrical signal Sb; a 
measuring light signal L2 obtained through said 
modulator 8 and transmitted through said fiber 4 is 
converted into a measuring electrical signal D; and 
said characteristics are measured from the phase 
difference between said reference electrical signal 
Sb and said measuring electrical signal D, wherein 
an external modulator 8. an optical divider 9 and a 
monitoring section 20 are provided; said modulator 
modulates said measuring light signal sent out 
from said laser and having a narrow spectral 
linewidth; said divider divides the output light signal 
L2 from said modulator, at a prescribed ratio; said 
measuring light signal obtained through said 
modulator is multiplexed with the output light signal 
from a laser 1 0 for monitoring by said section 20 to 
generate a beat to measure the oscillation 
wavelength of said laser 2 for measurement 
through optical heterodyne detection; and said 
characteristics are measured while the result of the 
measurement of said oscillation wavelength is com- 
pared with that of the measurement of said phase 
difference. 

2. A measurement method of dispersion char- 
acteristics of an optical fiber 4. in which a measur- 
ing light signal L2 obtained by modulating the 
output light signal from a laser 2 for measurement 
and the output light signal L4 from a laser 2 for 
reference are transmitted through said fiber from 
one end thereof so that an outgoing light signal is 
divided into signals which are converted into a 
measuring electrical signal Db and a reference 
electrical signal Oa, respectively; and said char- 
acteristics are measured from the phase difference 
between said measuring electrical signal and said 
reference electrical signal, wherein external 
modulators 8a, 8b. an optical multiplexer 13, an 
optical divider 9, an optical wavelength meter 12 
and a monitoring section 20 are provided: said 
output light signal from laser for measurement 
which is a semiconductor laser and generates said 
output light signal having a narrow spectral 
linewidth, and said output light signal from said 
laser for reference, which is a semiconductor laser 



and generates said output light signal having a 
narrow spectral linewidth, are modulated by said 
modulators 8a. 8b so that said measuring light 
signal 12 and said reference light signal L4 are 
5 sent out from said modulators, respectively; said 
multiplexer 13 multiplexes said measuring light sig- 
nal 12 and said reference light signal L4 with each 
other; said divider 9 divides said outgoing light 
signal at a prescribed ratio; said meter 12 is con- 
io nected to one end of said divider to roughly mea- 
sure the wavelength of said measuring light signal; 
and the output tight signal from a laser 10 for 
monitoring, the oscillation wavelength of which is 
adjusted on the basis of the result of the measure- 
rs ment by said light wavelength meter, and said 
measuring light signal are multiplexed with each 
other by said section 20 to generate a beat to 
accurately measure the wavelength of said measur- 
ing light signal through optical heterodyne detec- 
20 tion. 

3. A method according to the Claim 2. wherein 
the reference light signal is obtained by subjecting 
the output signal from the laser for reference to 
direct modulation: and the measuring light signal is 
25 obtained by modulating the output light signal from 
the laser for measurement through the external 
modulator. 
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© Measurement method of dispersion characteristics of an optical fiber. 



© In measurement method of dispersion character- 
istics of an optical fiber 4, a laser for measurement 
2 connected to one end of the fiber 4 and variable 
in output light wavelength and an oscillator 1 for 
modulating a measurement light signal L1 sent out 
from the laser 2 are provided. The modulation fre- 
quency of the output from the osscillator 1 is used 
as an reference electric signal Sa. A measuring light 
signal L2 obtained through the modulator 8 and 
2 transmitted through the fiber 4 is converted into an 
^measuring electric signal D. And the characteristics 
^is measured from the phase difference between the 
g£ r e ference electric signal Sb and the measuring elec- 
tric signal D, wherein an external modulator 8, an 
^optical divider 9 and a monitoring section 20 are 
provided. The modulator 8 modulates the measuring 
tight signal L1 sent out from the laser 2 and having 
® a narrow spectral linewidth. The divider 9 divides the 
□.output light signal 12 from the modulator 8, at a 
IH prescribed ratio. The measuring light signal L2 ob- 
tained through the modulator 8 is multiplexed with 
output light signal from a laser for monitoring 10 by 



the section 20 to generate a beat to measure the 
oscillation wavelength of the laser for measurement 
2 through optical heterodyne detection. And the 
characteristics is measured while the result of the 
measurement of the oscillation wavelength is com- 
pared with that of the measurement of the phase 
difference. 
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